INTRODUCTION
Approximately 3.6 million people in the US have hepatitis C virus (HCV) antibodies, with 2.7 million currently infected [1] . Accounting for high-risk populations, the estimate is likely much higher, with at least 4.6 million carrying HCV antibodies and 3.5 million currently infected [2] . Hepatitis C is the leading cause of liver transplantation and hepatocellular cancer and is associated with increased mortality [3] . Early HCV infections are often asymptomatic or present with non-specific symptoms; thus, most infections are diagnosed after serious liver damage has already occurred. The goal of treatment is sustained virologic response (SVR), which represents a virologic cure and is associated with a reduced risk of mortality, cirrhosis, and hepatocellular cancer [4, 5] . SVR has also been shown to reverse fibrosis and significantly reduce liver complications in compensated and decompensated cirrhosis [6, 7] .
HCV is genetically heterogeneous with at least six genotypes. Genotype 1 is the most prevalent, representing approximately 76% of infections in the US and 59-89% in Europe [8] . Preliminary guidelines for treatment regimen are based on genotype, with some therapies initially approved with genotype-restricted activity [9] . SVR rates vary based on patient adherence, treatment experience, disease severity, and a variety of other known (comorbidities) and unknown (genomic) host factors.
Historically, treatment consisted of weekly injections of pegylated interferon plus ribavirin (RBV) for 48 weeks, yielding SVRs of 45-50%. Direct-acting antiviral agents (DAAs) were introduced in 2011. In combination with pegylated interferon and RBV, SVR rates rose to 67-73% in treatment naïve, genotype 1 patients. Additional DAAs were approved in 2013, including the RNA-dependent RNA polymerase nonstructural protein 5B inhibitor, sofosbuvir (SOF). In 2014, the FDA approved the first fixed-dose oral combination therapy, ledipasvir (NS5A inhibitor)/sofosbuvir (LDV/SOF), for the treatment of patients with HCV genotype 1 and, more recently, genotypes 4, 5, and 6. In clinical trials, treatment with LDV/SOF resulted in SVRs of C97% over 12 and 24 weeks [10] and C93% over 8 weeks [11] . In patients with previous interferon-based therapy failure, C94% achieved SVR with LDV/SOF, compared to a historical rate of 25% [12] . Shortly after the approval of LDV/ SOF, the FDA approved ombitasvir/paritaprevir/ ritonavir plus dasabuvir, which may require co-administration of RBV [13] . While this regimen offers similar efficacy, the advantage of LDV/SOF is once-daily dosing that does not require RBV co-administration.
In December 2014, LDV/SOF was added to the HCV treatment guidelines (http://www. hcvguidelines.org/full-report-view).
Recommended treatment for genotype 1, non-cirrhotic, treatment-naïve patients is 12 weeks; however, patients with baseline HCV RNA \6MM IU/mL may be treated for 8 weeks. In cirrhotic patients, recommendations are based on prior treatment. Twelve weeks of LDV/SOF are recommended for treatment-naive patients and 24 weeks are recommended for patients with prior treatment failure [14] .
Data on adherence to and discontinuation of LDV/SOF in clinical practice are limited. Patients treated in real-world clinical settings are more likely to have complex disease manifestation than those who participate in clinical trials. It is important to understand the real--world utilization of LDV/SOF and to assess adherence in order to develop strategies to increase efficacy of these regimens in clinical practice and to identify patients at risk for adherence-related treatment failure.
The objectives of this study were to assess discontinuation, adherence to the expected treatment duration, and factors associated with discontinuation in patients receiving LDV/SOF. Additionally, characteristics of patients who received treatment were evaluated and SVR was assessed.
METHODS

Study Design and Data Source
This was a retrospective study using medical and pharmacy claims data, enrollment information, and linked laboratory results from two administrative health plan databases, the Optum Research Database and Impact National Benchmark Database (Impact). Data extracted for each patient spanned November 1, 2013 through June 30, 2015 (Fig. 1) . Medical claims data included International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes, Healthcare Common Procedure Coding System codes, and revenue codes. Pharmacy claims data included National Drug Codes for filled prescriptions, days supplied, and quantity of drug supplied. Linked outpatient laboratory results were available for a subset of the research database. This article does not contain any new studies with human or animal subjects performed by any of the authors and no identifiable protected health information was extracted or accessed during the course of the study. Pursuant to the Health Insurance Portability and Accountability Act, the use of de-identified data did not require Institutional Review Board approval or waiver of authorization.
Study Population
To be included in the study, patients were required to have C1 pharmacy claim for LDV/ SOF from October 10, 2014 (date of FDA approval) through June 30, 2015. The index date was defined as the first pharmacy claim for LDV/SOF during the patient identification period. For patients with more than one treatment regimen, the last regimen was selected for analysis. Patients were required to have continuous enrollment with medical and pharmacy coverage at least 12 months prior to the index date and until treatment discontinuation (defined as a gap in medication possession of 30 days for the first gap and 14 days for any subsequent gaps) and be at least 18 years old. The initial gap of 30 days was selected as a conservative estimate of a potential delay between the date of the first fill and first administration. The subsequent gap of 14 days was selected as a maximum permissible period without therapy beyond which a patient could anticipate reduced or suboptimal outcomes [15] . The post-treatment period was initiated based on the run-out of the last prescription fill. Patients with interferon use during the treatment period were excluded from the study.
Study Measures
Patient Characteristics
Age, gender, geographic location, health plan type (commercial, Medicare Advantage), length of pre-index period, and prescribing physician specialty were reported as of the index date. The Quan-Charlson comorbidity score and liver severity algorithm [16] were calculated during the pre-index period. The presence of clinically relevant conditions/events (including advanced liver disease and cirrhosis) during the pre-index period was identified based on ICD-9-CM diagnosis and procedure codes from pre-index medical claims. Treatment status was determined by pharmacy and medical claims and categorized as the presence/absence of any medication.
Fig. 1 Study observation period
Clinical Characteristics
The following laboratory results were measured during the baseline period to detect liver damage and fibrosis: alanine aminotransferase, aspartate aminotransferase, and platelet count. The aspartate aminotransferase-to-platelet ratio index (APRI) was classified as no/minimal fibrosis, \0.5; moderate fibrosis, 0.5-1.5; and significant fibrosis, [1.5. Using the aspartate aminotransferase, alanine aminotransferase, and platelet count results, fibrosis-4 (FIB-4) was calculated and defined as minimal fibrosis, \1.45, moderate fibrosis, 1.45-3.25, and significant fibrosis, [3.25 [17, 18] . The laboratory result closest to the index date was used for analysis. All HCV RNA test results during the study period were captured. HCV genotype and subtype were captured for those with available laboratory results. If multiple genotypes were recorded, the last genotype result measured during the study period was used.
Treatment Completion and Adherence to Expected Treatment Duration
Treatment completion was defined as having completed a full course of treatment as per IDSA/AASLD treatment guidelines and the Food and Drug Administration-approved labeling for the regimen [19] . Adherence to the expected treatment duration was evaluated by comparing the actual treatment length to the expected treatment duration. The expected treatment duration was calculated based on IDSA/AASLD treatment guidelines accounting for HCV genotype, HCV RNA level, treatment status (naïve or experienced for C1 year), and baseline cirrhosis diagnosis [19] . If genotype data were unavailable, the expected duration was calculated from the observed treatment duration, treatment regimen, cirrhosis diagnosis, and treatment status (naïve or experienced). The observed treatment duration was calculated from the total number of days with medication supply for LDV/SOF until discontinuation.
Sustained Virologic Response SVR is defined as the proportion of patients with HCV RNA below the limit of quantification performed C12 weeks after treatment completion (SVR12). When SVR12 was not available, HCV RNA was captured from 8 weeks post-treatment completion to maximize the number of available results. Studies have shown high concordance with a viral load measured between 4 and 12 weeks [20] [21] [22] .
Statistical Analyses
Descriptive statistics were used to describe the distribution of demographics and clinical and laboratory characteristics. Logistic regression was used to model expected treatment completion, adjusting for demographics (age, gender, insurance type), comorbidities (Quan-Charlson comorbidity score, cirrhosis, chronic kidney disease, HIV, diabetes, cardiovascular disease, hypertension, hepatitis B, drug abuse, and liver transplant), and prior HCV treatment. The covariance matrix was examined to diagnose collinearity in the model.
RESULTS
After inclusion and exclusion criteria were applied, 3438 patients receiving oral DAAs remained; of these, 1483 received LDV/SOF (Fig. 2) . More than half (54.2%) of patients had at least 3 years of cumulative pre-index observation time to assess baseline characteristics. Patient age averaged 59.7 years and most were male (63.9%), had commercial insurance (51.9%), and were treatment-naïve (85.6%). Of the 39.8% of patients with a known genotype, 98.8% had genotype 1 (Table 1) . Cirrhosis or end stage liver disease was present in 46.1% of patients, HIV/ AIDS in 7.6%, and 35.0% and 32.6% had evidence of depression or anxiety, respectively. Diagnosis codes suggesting history of drug abuse were found for 21.2% of patients. In patients with valid APRI (n = 674) and FIB-4 (n = 675) results, 60.7% and 71.6% of patients, respectively, had moderate to severe fibrosis (Table 2) .
Among patients eligible for an 8-week treatment duration, 49.4% were treated longer. In contrast, the majority of patients with a 12-and 24-week expected treatment duration were adherent to the expected duration (99.8% and 74.6%, respectively) ( Table 3 ). Of 1100 patients with known expected treatment duration, the overall early discontinuation rate was 3.0% (1.7% for patients with expected treatment duration of 8 weeks and 0.3% for patients with expected treatment duration of 12 weeks), but increased with longer expected treatment duration (25.5% for patients with expected treatment duration of 24 weeks). In patients who discontinued early, side effects (anemia, rash, gastrointestinal symptoms, headache, fatigue, or insomnia) were noted in 39.4% in the 4 weeks prior to treatment discontinuation (data not shown). Additionally, 49.4% of those eligible for an 8-week treatment duration extended beyond the 8 weeks, while no one with an expected duration of 12 or 24 weeks extended treatment.
A logistic regression model of early treatment discontinuation showed that the odds of completing treatment were lower in those with prior HCV treatment [odds ratio (OR) 0.12, p\0.001] and those with Medicare Advantage coverage (OR 0.38, p = 0.039), while males had over 3 times higher odds of completing treatment without early discontinuation than females (OR 3.24, p = 0.003) ( Table 4) . A diagnosis of cirrhosis was not statistically significant (0.46, p = 0.060), nor were other demographics and comorbidities.
In the 85 patients with complete and valid laboratory results who completed HCV treatment, overall SVR was 89.4% (Table 5 ). SVR was highest among patients with an observed treatment duration of 12 weeks (92.9%, 65/70) and lower for those with an 8-week (75.0%, 9/12) regimen. Additionally, slightly fewer patients with cirrhosis reached SVR (85.0%, n = 17/20) than patients without cirrhosis (90.8%, n = 59/ 65), while those with prior treatment (90.0%, 
DISCUSSION
This retrospective study evaluated patient characteristics and medication discontinuation and adherence to LDV/SOF in HCV genotype 1 patients in the US. Our results provide important insights into adherence to and discontinuation of LDV/SOF in patients with HCV in a real-world setting. Adherence to the expected treatment duration was over 99% in those with a 12-week regimen. Those with a 24-week treatment duration were more likely to experience early treatment discontinuation, and almost half of the patients who were eligible for 8 weeks of treatment were treated longer. The latter findings were similar to other recent real-world studies. In a study population from the TRIO network, 50% of those eligible for 8 weeks of treatment were treated longer [23] . Similarly, two additional real-world studies reported that 42% [24] and 60% [25] of patients who were eligible for 8 weeks of treatment were treated for 12 weeks. These results suggest that patients were prescribed treatment for a longer duration than recommended in the product labeling. It is important to note the limitation that, while HIV/AIDS status impacts the expected treatment duration, it was not accounted for in our analysis. The overall early discontinuation rate was 3.0%. Early discontinuation rates were 1.7% for those with 8-week and 0.3% for those with 12-week treatment durations; however, 25.5% of patients who were eligible for 24 weeks of treatment were treated less than 24 weeks. Patients who were treatment-experienced versus treatment-naive or with Medicare Advantage coverage versus commercial insurance had lower odds of completing treatment, while males were more likely (OR = 3.2) to complete treatment than females. In the HCV-TARGET study, a consortium of academic and community medical centers, the overall discontinuation rate in those treated with LDV/SOF ± RBV for 8, 12, or 24 weeks was 1.9% [25] . Additionally, only 1.5% of patients with cirrhosis in the TRIO cohort discontinued early during 24 weeks of treatment [23] . The higher discontinuation rate reported in our study for the 24-week patients could represent the eligibility for shorter treatment durations. Additionally, these patients have more severe and advanced disease and may experience more treatment-related side effects. In those who discontinued early, almost 40% had evidence of side effects (anemia, rash, gastrointestinal symptoms, headache, fatigue, or insomnia) in the 4 weeks prior to treatment discontinuation.
In clinical trials of LDV/SOF, SVR rates among genotype 1 HCV-infected patients ranged from 94% in those with previous treatment failure [12] to 97% in treatment-naïve patients [10] . Patients in real-world clinical settings are often sicker, older, have more comorbidities, and are not followed as closely as those in clinical trials. In our study, SVR in patients treated for 12 weeks was 93% (n = 65/70). Slightly fewer patients with cirrhosis (85%) reached SVR compared to patients without cirrhosis (91%), and there was no significant difference between treatment-experienced and treatment-naïve patients (89% vs. 90%). Overall, SVR was 89.4%. Our findings are consistent with findings from the Veterans Affairs population evaluating genotype1 patients with overall SVR rates of 91-92% in those treated with LDV/SOF [22, 26] . Similar to our study, treatment-experienced cirrhotic patients in the TRIO population had a SVR rate of 84% at 12 weeks [27] . Treatment-naïve patients in the TRIO network treated with LDV/SOF for 12 weeks also experienced similar rates of SVR12 as our study, with a rate of 94% [28] .
The overall effectiveness rate of LDV/SOF in this study is consistent with large database studies especially in the Veterans Affairs population [22, 26] . In our study, patients had higher baseline cirrhosis or ESLD (46.8%) compared to that reported in other studies (ranged from 30% to 38%) [24] [25] [26] 28] , which may have affected rates of SVR.
Limitations
Claims data provide a powerful method to examine utilization and effectiveness in routine clinical settings. These data also offer the advantage of large sample sizes of patients with diverse medical histories; however, certain limitations inherent to claims-based analyses should be considered when interpreting the Compliance with Ethics Guidelines. This article does not contain any new studies with human or animal subjects performed by any of the authors and no identifiable protected health information was extracted or accessed during the course of the study. Pursuant to the Health Insurance Portability and Accountability Act, the use of de-identified data did not require Institutional Review Board approval or waiver of authorization.
Data Availability. The datasets generated and analyzed during the current study are not publicly available due to the proprietary elements owned by Optum. The disclosure of this data to third party clients assumes certain data security and privacy protocols are in place and that the third party client has executed our standard license agreement which includes restrictive covenants governing the use of the data.
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